Nowadays, it is hard to venture online without coming across a heated discussion over "Fake News"; as a result, people are finding hardE times moving through an entirely new distorted era of misinformation and biased news. In this paper, we investigate the effect of fake news on people's opinion polarization on a hot topic -such as immigration -through an experiment. We show that "Backfire Effect" and a cognitive bias we named "Validation Myopia" occur when people read Fake news independently if they believe them or not. In addition, we show how Fake news affect opinion polarization and we provide evidence that the Backfire Effect has a higher magnitude than its counterpart (i.e. validation myopia). Finally we show that the emotion-driven effect of fake news can be neutralized thanks to ex-ante signaling of the inaccuracy of fake news.
Introduction
Illegal immigrants live in five-stared hotels entirely paid by Italian taxpayers, Pope Francis endorsed President Donald Trump in the 2016 election and dangerous chemtrails are left in the sky by high-flying aircrafts…right? Wrong. These are just some of hundreds of fake news that have been published in the last years. Many on those stories have been shared millions of times over Facebook, Twitter and other socialmedia platforms.
Designed to supply misinformation spread via traditional print and broadcast news media or online social media -fake news have the intention to mislead in order to orientate people's opinions on politics, science and society, often with exaggerated, sensationalist, manifestly false headlines that grab the attention of the readers. Even if it might seem a new phenomenon, Fake news has spread around throughout the entire human history. For instance, significant fake news stories can be traced back to Octavian's 1 st century campaign of misinformation against Mark Antony (Soll, 2016) , while in 1782, Benjamin Franklin printed a fake edition of an actual Boston newspaper, The Independent Chronicle. Among the untrue commercials and articles, Franklin inserted a made-up story about the massive massacre of white settlers on the borders of New York. According to the news, Native Americans, in the service of the British forces, had collected 700 scalps from men, women, children, and even infants (Nilsson, 2017) .
Nowadays, fake news represents a serious issue that often leads to real implications. The structure of social media platforms dramatically differs from previous media technologies. From this perspective, contents can be relayed amongst users with no significant third-party filtering, fact-checking, or editorial judgment; in practice a single user with no credentials or reputation can in some cases reach as many readers as CNN, The Washington Post, or the New York Times enhancing this unrestrained spread of false news and stories.
A noticeable example is the massive amount of fake news that aimed to discredit the Italian President of the Chamber of Deputies Laura Boldrini, who has been -as a consequence -the target of rape and other threats on social-media 1 . Even more worrying are the potential implications that fake news had on US elections in 2016. A fake news report, that Democratic senators wanted to impose sharia in Florida, was repeated by Michael Flynn, Trump's nominee for national security adviser. (Flynn also tweeted a "Must Read" link about Democrats' "sex crimes with children"). Another false report, that Trump supporters chanting "we hate Muslims, we hate blacks, we want our great country back" at a rally, was reported as true on election night 1 .
Is then Fake news so difficult to detect? The short answer would be "yes, it is". A study from Stanford History Education Group (2016) suggests that people find hard times distinguishing truthful pieces of information from false ones, besides the sample analyzed was composed of all educated individuals. It is then evident that uncertainty on the reliability of information and the threats of Fake news are likely to affect somehow people's opinion formation processes. With our work we aim to shed light on the implications of Fake news in opinion formation, in particular we are interested in Fake news as a stimulus that potentially exacerbates opinion polarization.
First, we will answer the question "does fake news exacerbate opinion polarization?" Then we will show that the effect of fake news is mainly emotion-driven (in the sense that is not related to a person's perception of the credibility of a news). We also investigated on the psychological effects that lead opinion polarization. Finally we will provide evidence that the biasing effect of fake news can be neutralized if the "falsity" of the news is revealed ex-ante.
Background
As already mentioned, previous literature emphasized the difficulty encountered by people in detecting fake news. For instance, Allcott & Gentzkow (2017) , analyzing the effects of false news circulated on social media on the 2016 US elections, found out that in the three months before the election, fake news favoring Trump were shared a total of 30 million times on Facebook, while those favoring Clinton were shared 8 million times. In addition, they also showed how 14% of Americans considers social media their main source of information and they brought evidence that people are much more likely to believe stories that favor their preferred candidate, especially if they have ideologically ghettoized social media networks.
Previous research investigated also the role of sampling processes in opinion formation. Social media provides fertile ground in this sense, since people can sample news according to their tastes, and this could potentially generate polarization (people could decide to read only articles that represent their prior beliefs, cementing as a consequence their opinions). However extant empirical findings about the connection between online political communication and opinion polarization are mixed. Studies on online selective exposure (e.g. Iyengar & Hahn, 2009) Nonetheless, in our work we are not interested in the sampling processes that might affect opinion polarization (as the ones mentioned above). Our focus is the role of Fake news in opinion polarization through psychological mechanisms. We considered as main references two well-known psychological effects, namely the confirmation bias and the backfire effect: the former is the is the tendency to search for, interpret, favor, and recall information in a way that confirms one's preexisting beliefs or hypotheses (Baron, 2000) ; the latter occurs when, in the face of contradictory evidence, established beliefs do not change but actually get stronger.
In presence of fake news we expect people to get polarized in their opinion with respect to the topic presented. In our study we selected the topic of illegal immigration. The reason for this choice relies on the relevance and the actuality of this topic that is largely debated in many European and non-European countries. Thousands of fake news are shared on social media platforms every day, most of them depicting immigrants as a dangerous threat for occidental countries. Commonly, this kind of news pushes the idea that immigrants are mostly terrorists, they bring diseases etc., through "informing" about fictitious crime facts that in reality never happened (Juhász & Szicherle, 2017).
As additional note, in our analysis we define as "Validation Myopia" the effect for which people exacerbate their prior beliefs on a topic independently of the credibility on the piece of information that is confirming their beliefs. Unlike the Confirmation bias, -that is related to the tendency of people to rely in the authenticity of fake news that confirm one's opinion and the biased sampling process of information that confirms one's priors -the validation myopia works with no hypothesis on the credibility of the stimulus. Precisely, it is a cognitive bias for which people strength their opinions through emotive-stimuli (i.e. fake news) even if the credibility of the stimulus is not perceived as truthful (but note that the stimulus is not presented as fake). This effect perfectly fits with the context of post-truth reality, the political culture in which debate is framed largely by appeals to emotion disconnected from the details of policy, and by the repeated assertion of statements to which factual confutations are ignored 1 .
Method
Subjects. A total of 150 participants (42% males, aged between 19 and 72 with an average age of 31 and 21 countries of origin in total) have been involved in our experiment answering an anonymous survey on Qualtrics.
Design and methodology. In order to test our hypothesis (i.e. fake news exacerbates opinion polarization) we designed three online questionnaires. Every participant was randomly assigned to one of them. The first part of the survey was common to all the participants. It consisted in a series of statements the participants had to rate from 0 to 10 where 0 stands for "completely disagree" and 10 "completely agree". In particular we tried to identify their level of openness and nationalism and their emotional control level. The first would be a good predictor of people's opinion about immigration (the more one is open toward diversity the more she or he is likely to have a positive opinion about immigrants, the opposite works with nationalism). The latter helps us to better address the psychological effect of fake news. We expected that people with higher levels of emotional response are easily susceptible to fake news, since in many cases the content of Fake news aims to move readers' emotional response more than convince with facts.
In the second part we asked participants to read fake news about immigration in Sweden where "(..) Sexual abuse from newly arrived migrants is not only prevalent in schools but that victims are accused of being racist if they speak out." 2 For treatment 1 the article was presented as a legitimate article whereas in treatment 2 we stated directly to the participants that the article was a made-up story. Control group had no article to read. In the last part of the questionnaire -common to each group -we asked participants to rate some statements about immigration both from an economic and a cultural perspective 3 . Moreover we asked some questions about the credibility and unbiasness of the article and the emotion response the survey-taker had after reading the news. Finally, we asked people from treatment 1 if they would have changed their answers about immigration if they knew that the article was fake. Here we present a sample of questions we used in the last part of the survey.
For our analysis, first, we constructed 3 indexes from the answers we obtained. In particular, we calculated opinion indexes that summarize the economic, cultural and overall opinions on immigration for each participant i as follows:
Where each index is the mean of the opinion expressed on the topic by individual i, (for positive affirmation about immigration we subtracted 10 and changed the sign).
We did the same for computing the Openness-Nationalism Index and the Emotional Index. Examples of statements about openness and emotional response are, namely, "I feel that the culture of my country is better than other cultures"; "I am not very skilled in controlling my emotions" 1 .
We present the distribution and the Kernel estimate of the overall opinion index in Figure 1 .
As we can see from the chart, our sample on average is slightly favorable about immigration (M = 5.33 > 5 where 5, as already mentioned, stands for indifferent). We also performed the Doornik-Harsen normalitytest and we cannot accept the null hypothesis of normality (p = 0.069, χ² = 5.349).
Finally we computed a polarization index that we used as our main variable of interest as follows:
The more a person expresses agreement or disagreement on the topic the higher the index is. As for the opinion index we considered polarization on opinion about immigration both as a whole and disaggregated (economic-related and cultural-related opinion about immigration). Each of the aggregated polarization indexes is given by the root squared mean of individual polarization indexes. In Figure 2 we present the distribution and the Kernel density of the overall polarization index, similar results has been found looking at the cultural and economic indexes.
As before, we performed the Doornik-Harsen normality-test also for this index and we cannot reject the null hypothesis (p = 0.9915, χ² = 0.017); thus, our dependent variable is normally distributed.
Finally, we present the entire article we used for both the treatment groups and summary statistics of the participants in Appendix.
T-tests have been run to check if the randomization has been effective and to avoid facing spurious results; checking for each variable and between each group. We had four variables for which the three groups differed; we took into account this potential threat using those variables as control for our regressions 2 .
Empirical strategy
As preliminary analysis, we computed the mean polarization for each of the 15 questions presented in the survey about immigration for each of the three groups (control, treatment 1 and treatment 2). We mapped the polarization levels in Figure 3 .
As we can see from the graph, for each question, the treatment group one experienced the higher levels of polarization, while control group and treatment two share almost the same levels of polarization. This suggests that the choice of the statements to present in the survey have been effective and worked all in the same direction.
For a more concrete analysis we use an OLS approximation to determine the effect of our treatments on the polarization index.
The specification of the general model is as follows: = + + + + is our dependent variable containing the three aggregated polarization indexes (overall, economic, cultural), on a scale from zero to five.
Treatment is a dummy variable that equal 1 if the individual is treated and 0 otherwise. In our analysis we consider three different comparisons: is a matrix of control variables. Namely: age, sex, religion (Atheism, Agnosticism, Christianity, Islamism, Buddhism, others); higher education (1 for bachelor onwards, 0 otherwise) and a dummy for being right wing (1 if right wing, 0 otherwise).
We also considered country fixed effects , in order to control for unobservable heterogeneity between countries since our sample includes people from different realities (21 countries in total, mostly from Italy and Peru).
Results
Tables 3, 4 and 5 show the results of our estimations. Columns 1 and 2 refer to the results using as outcome variable the overall polarization index, columns 3 and 4 show the results using the economic polarization index and, finally, columns 4 and 5 using the cultural polarization index for our different treatment specifications.
From Table 3 we can see that reading a fake news (without knowing it is fake) increases, on average, the overall polarization index and the economic polarization index by approximately 0.6 points and the cultural polarization index by 0.45 points. These results are robust and significant across specifications. Moreover, these results has a higher magnitude when we compare treatment one with treatment two (Table 4) , the effect of the treatment 1 is approximately 0.7 points for the overall polarization and economic polarization index, and 0.5 for the cultural one. Again, this result is robust and significant across specifications.
We report the results of the experiment for each of the polarization indexes in Figures 4, 5, 6 .
For the overall index treatment one group recorded higher levels of polarization (M = 2.82) than treatment two (M = 2.15), t(-3.51), p < 0.01; and control group (M = 2.25), t(-2.99), p < 0.01. While control group and treatment group two do not differ significantly from one another. Same results have been found using as dependent variable the economic and the cultural indexes.
As far as the economic polarization index is concerned, treatment one group has been found to be significantly more polarized (M = 2.77) than control group (M = 2.22), t(-3.81), p < 0.01; and treatment two (M = 2.09), t(-2.92), p<0.01, while treatment two and control group are not significantly different.
As for the other two indexes, the cultural one seems to vary among the groups in the same way: the level of polarization of treatment one group (M = 2.78) is significantly higher that the polarization recorded for control group (M = 2.26), t(-2.87), p<0.01; and treatment two, (M = 2.16), t(-2.54), p<0.01. Moreover, control and treatment are not statistically different in terms of polarization.
Throughout all the specifications, we have strong evidence that fake news play a role in opinion polarization; moreover, we can see that this effect is homogeneous among two levels of the topic considered: the cultural issues of immigration and the economic ones (i.e. the potential implications of immigration on culture and economy). This can be inferred from Figure 3 and Figure 4 and comparing coefficients from Table 3 . As we can see the mean level of economic and cultural polarization in treated group one are respectively 2.78 and 2.77 where the control groups have mean polarization 2.22 and 2.26. This is particularly interesting if we consider that the article presented provided no information about economic burdens of immigration, while it was more related to cultural clash. This can be interpreted as if the fake news works mainly via emotions and not according to some rational response of the individual to the news presented. In particular, economic opinion on immigration is affected even if no economic issue was described in the article.
It follows that people against immigration exacerbate their general (economic and cultural) negative opinion on immigration no matter what is the focus of the negative stimulus toward immigration (in this case a cultural emphasis); while people that have positive opinion about immigrants, once exposed to the negative cultural stimulus, react exacerbating their positive beliefs both for cultural and economic aspects of immigration.
In addition, to check if these effects are heterogeneous across some groups we included interaction terms of the two treatments with gender, emotional control responses, openness index and level of education. Contrary to what we expected, none of these interactions terms were significant suggesting that there are no heterogeneous effects by these characteristics so that people react homogeneously to fake news independently of their background and cultural level.
We then tried to disentangle the two effects that occur when reading fake news, namely the backfire effect and the validation myopia. Considering people with negative opinions about immigration, we tested if the effect takes place just for the ones who believe in the news. However, we found no significance difference (performing a T-test) in the reaction to the news between people who claimed the news to be true and the ones who did not. This led us to consider the cognitive effect of validation myopia instead of the confirmation bias. It is also interesting to point out that our cognitive effect perfectly mirrors the backfire effect (while the confirmation bias relies on the assumption that people believe on the news).
As already mentioned, both the effects exacerbate opinion polarization working on opposite directions and for both it is not important if the news is perceived as credible. In particular, we wanted to see which has the stronger effect in magnitude.
In order to do so we proceeded as follows:
Using the control group sample we run the regression:
Where the dependent variable is the opinion index for individual i showed in section 3, and are respectively the openness index and the emotion response index given by the mean rate of the openness and emotion response questions; finally is a vector of demographic characteristics.
We present the results of the regression in Table 6 , reported in Appendix. This simple model (R 2 = 0.63) helps to predict peoples attitude toward immigration.
We then compute ̂ for all the individuals in treatment 1 and control group. In this way we obtain the expected opinion on immigration for each participant ex-ante reading the fake news. We then divide the sample in two groups, depending if ̂≶ 5, (i.e. depending if people are expected to have a positive or negative opinion about immigration). The first pro-immigration group is likely to experience the backfire effect; while the anti-immigration group is likely to experience the validation myopia.
We are using ̂ instead of the actual opinion polarization in order to rule out possible confounding effects and endogeneity of the subdivision in these two groups due to the treatment itself. Explicitly, if we divide the treated sample depending on ≶ 5, (i.e. using the actual Opinion index) we would not consider the possibility that some people changed their mind about immigration after reading the fake news (biasing our analysis) and we would only observe something that is not an actual polarization. Thanks to this approach -that we propose starting from the LATE (Local Average Treatment Effect) concept -we can identify four groups we will use to test which effect is stronger:
Where:
➢ is the polarization index for individual i, that has been treated with the news (treatment 1) and has ̂> 5 (i.e. has a positive opinion of immigration); ➢ is the polarization index for individual i, that has been treated with the news (treatment 1) and has ̂≤ 5 (i.e. has a negative opinion of immigration);
is the mean polarization of people who have expected positive opinion about immigration and have not been treated;
is the mean polarization of people who have expected negative opinion about immigration and have not been treated.
In practice, the first term capture the change in polarization of people who have negative opinion of immigrants with respect to the counterfactual mean polarization level of people who are not treated and have a negative opinion of immigrants, while the second terms works in the same way for people who have a positive opinion about immigration.
We then perform a one-sided T-test in order to see if the response to the article (in terms of polarization) of one group differs from the other (i.e. the left-hand side differs from the right-hand side) and it turned out that the people that have positive opinion about immigration are significantly more affected (p = 0.0214).
We display the results in Figure 4 were it is evident that the increase in polarization for people with a favorable opinion about immigrants is higher that the increase in polarization recorded for the group of people with a negative opinion (M = 0.11 for the first and M = 0.86 for the second).
This provides evidence that the magnitude of the backfire is bigger than the magnitude of the validation myopia effect; suggesting that the fake news exacerbate opinion polarization in both sides (pro and cons), in particular, the induced polarization is asymmetric, since people that perceived the fake news as a threat are more affected (backfire effect is stronger). For confirming our findings we repeated the same passages using the actual Opinion Index i for both control and treatment groups and we obtained the same results.
Finally, we see no significant effect when we compare treatment 2 with the control group ( Table 5) in any of the polarization indexes. This suggests that showing to people that a news is explicitly false neutralize the effect of fake news on opinion polarization. This could be explained as follows: once people who have positive opinions about immigration are exposed to a stimulus that goes against their beliefs, the backfire effect is triggered and they tend to strengthen their belief as a consequence. But if we show that the stimulus is "innocuous" people would not feel it as a threat and they do not tend to emotionally read to contrast it. Similarly, if people who have negative opinion about immigration are exposed to a stimulus that supports their ideas they tend to reinforce their beliefs due to validation myopia. However, once the news is called to be false people tend to be more prudent with their emotions and keep their opinions unchanged, without exacerbating them.
Limitations
Firstly, since the respondents of the survey were not selected randomly we can face problems with the external validity of our results. For example, our sample underrepresents right-winged people (only 12% of the respondents identify themselves as rightists where 19% were centrists). In addition, 102 persons did not finish the questionnaire which could introduce endogeneity in our results because of the possible deterministic nature of this behavior (self-selection and correlation between non-finishing the survey and some of our outcomes).
However, using the partial information from unfinished surveys we run a regression (logistic model) to test if individual characteristics are correlated with the dummy variable finishing or not finishing the survey. And we found that none of the characteristics affected significantly the probability of finishing the survey. Secondly, we could face a problem of measurement error of our outcome variables and covariates. Since most respondents were Italian or Spanish speakers, but the survey questions were in English, it is possible that some respondents did not fully understand the sense of some questions and their answers are not aligned with the sense of the questions. Moreover, since it was a long questionnaire it is possible that the last questions were not carefully read including an additional source of measurement error.
Conclusions
We observe that exposure to fake news increases polarization. This increase holds when we compare Treatment 1 vs. Treatment 2. However, contrary to what we expected we do not find heterogeneous effects across some characteristics like emotional control index, gender, openness index, etc. In particular, it seems that the perceived credibility of news is not a key factor for polarization; for this reason we considered in our analy-sis the cognitive bias of validation myopia that could be considered in a certain sense as a mirrored backfire effect.
We also showed that fake news work thorough emotions more than rationality: people react through emotions without evaluating the news content and updating their opinion according to the new information sampled and its credibility). This is clear from the homogeneous effect for both economic and cultural opinion and -to some extent -from the news itself that deals with facts happening in a foreign country for which people should be more prudent in expressing opinions.
We also showed that the polarizing effect works asymmetrically in the sense that people who perceive the fake news as a threat for their beliefs get more polarized than the ones for which the fake news supports their beliefs (i.e. backfire effect is stronger than validation myopia).
Furthermore, considering the fact that there is no significant effect when we compare treatment 2 against treatment 1, we infer that providing tools to identify fake news could drastically reduce extreme polarization and can help to reduce unproductive flame discussions on controversial topics. This finding has interesting implications: first because people are somehow conscious that fake news are likely to affect them (67% of our sample answered that they would have expressed a different opinion about some of the statements if they knew that the news was fake) but if the "pretentious validity" of the news is not explicitly called out the polarization take place no matter the perceived credibility of the news.
Further research could be done using more sophisticated indexes for computing the emotional-control level of individuals. Moreover it could be interesting capture trace political orientation of respondents through a political chart questionnaire; while at the moment we are only asking directly for political orientation. Finally, we are taking into account the effect of fake news of only one controversial topic (immigration). Further research could investigate the psychological effects that would occur with other news that focus on another topics like abortion, the war on drugs, politics, etc., addressing the validation myopia with further experiments. It would be also interesting to analyze how the magnitude of polarization changes depending on the level of sensationalism the fake news presented. Sometimes illegal Immigrants want to influence religious beliefs from my country.
Appendices

Economic Statements
Illegal immigrants do provide quality, non-skilled labor which benefits our country Children of illegal immigrants are an economic burden and harm our welfare system. Note: We used 15 statements in total, where 6 were about economy, 5 about culture and the rest could apply to both. Table 7 . The fake news presented in treatment 1 and 2
Journalist Claims Widespread Sexual Assault by Migrants in Swedish Schools
Independent Swedish journalist Joakim Lamotte has claimed sexual abuse from newly arrived migrants is not only prevalent in schools but that victims are accused of being racist if they speak out.
Mr. Lamotte, who formerly worked as a journalist at Sweden's state broadcaster SVT, has posted a video on his Facebook page describing a wave of sexual assaults committed by "newcomer" asylum seekers. He said when students or teachers attempt to talk about the problem they are called racists, islamophobes and nothing is done.
"Many of these guys are not even kids!" said Lamotte, who travels to Swedish schools to talk to students about sexual abuse. Sweden has had a problem with illegal migrants claiming to be underage, to receive preferential treatment from the government or more lenient sentences after committing crimes, but who have turned out to be adults.
A recent report showed that 23 out of 50 recent migrants from Morrocco who had claimed to be underage were actually adults. The Swedish government has been working with countries like Morrocco to use fingerprint data to properly identify many illegal migrants who arrive without any identification or with false papers.
Lamotte spoke about one school he had visited where migrant sex abuse was prevalent saying: "Young girls tell me they are sexually harassed by newcomer guys both at school and outside of school. They say they do not feel safe in the school corridors. They say they have stopped going home by themselves after school. They say they do not take the bus either." "They are called racists and islamophobes when they talk about their reality and what they face" from the staff at the schools, he said. Having visited schools every week for over a year and a half, Lamotte said he has seen the same story play out again and again.
The journalist notes the problem is not just limited to large cities but is also taking place in much smaller communities. "This is about seeing reality as it is and have the courage to talk about it, otherwise we cannot do anything about it," he said.
Source: CNN-trending.com.
Note: for treatment 2 "100% fake news" written in red, was displayed above the article.
